Background and Purpose-Glutathione S-transferase omega-1 is a multifunctional enzyme. The Asp/Asp genotype of the Ala140Asp polymorphism of the GSTO1 gene has been alleged to increase the risk of vascular dementia. The objective of this study is to address the question of whether common vessel disorders known to cause vascular dementia are modified in their severity by this polymorphism. Methods-The severity and expansion of atherosclerosis in the circle of Willis vessels, cerebral small vessel disease, and cerebral amyloid angiopathy were studied in a sample of 79 autopsy cases. Genotyping of the GSTO1 Ala140Asp polymorphism as well as immunohistochemistry for glutathione S-transferase omega-1 was performed. Results-Carriers of the GSTO1 Asp/Asp genotype presented with more severe and widespread atherosclerosis than noncarriers. However, there was no effect on small vessel disease expansion and cerebral amyloid angiopathy severity.
G lutathione S-transferase omega-1 (GSTO1-1) is a member of the glutathione S-transferases family of phase II enzymes that catalyze the glutathione dependent detoxification of, eg, oxidants. 1 Recently, we have shown that the Asp/Asp genotype of the GSTO1 Ala140Asp polymorphism in exon 4 is associated with an increased risk for vascular dementia. 2 However, the relationship between this GSTO1 polymorphism and common vessel diseases is not clear. Major vessel diseases causing vascular dementia include atherosclerosis (AS) of the arteries of the circle of Willis, small vessel disease, and cerebral amyloid angiopathy. 3 Small vessel disease includes vascular lesions of arteriolosclerosis, arteriohyalinosis, lipohyalinosis, fibrohyalinosis, and arteriosclerotic intimal proliferation and fibrosis of the media in small arteries but no AS plaques.
The objective of this study was to investigate whether one of these vessel disorders is influenced by the GSTO1 Ala140Asp polymorphism.
Materials and Methods
We analyzed a sample of 79 formalin-fixed human brains from continuously collected autopsy cases of 60 years of age and older without further selection criteria (Table) . We counted the number of vessels with macroscopically detectable AS plaques in relation to the total number of vessels analyzed within the circle of Willis. Vessels included in this quantification were the major branches of the vertebral, basilar, anterior cerebral, middle cerebral, posterior cere-bral, and internal carotid arteries. The expansion of AS was calculated as the percentage of vessels in the circle of Willis exhibiting AS plaques.
Histopathology confirmed the diagnosis of AS. The histopathological type of AS lesions of the most severely affected artery of the circle of Willis was determined. 4 The extent of small vessel disease was determined in leptomeningeal, cortical, and subcortical vessels of the medial temporal lobe and the occipital lobe. The severity of cerebral amyloid angiopathy was analyzed. 5 Frozen sections from AS plaques were stained with anti-GSTO1-1. Paraffin sections stained with anti-interleukin (IL)-1␣, anti-neutrophil elastase, and anti-␣ 2 -macroglobulin were quantitatively analyzed as described previously to determine the percentage of the AS plaque area stained with a given antibody. 6 Positive, negative, and blank controls were performed.
Genotyping of the GSTO1 (Ala140Asp, rs4925), IL1A (Ϫ889, C/T, rs1800587), IL1B (ϩ3954, C/T, rs1143634), and IL1B (Ϫ511, C/T, rs3087258) polymorphisms in genomic DNA was performed. Genotyping and histopathological observations were performed blind by different investigators. Logistic regression analysis controlled for age and gender and post hoc power analysis were performed.
Results
Logistic regression analysis revealed that the GSTO1 Asp/ Asp genotype was associated with an increased expansion of AS ( Figure 1A ; power: 0.71) and an advanced histopathological type when compared with the GSTO1 Ala/Ala and Ala/Asp genotypes ( Figure 1B ; power: 0.8). There was no association of the GSTO1 Ala140Asp polymorphism with small vessel disease and cerebral amyloid angiopathy ( Figure  1C-D) .
Cryosections stained with an antibody directed against GSTO1-1 exhibited GSTO1-1 immunofluorescence in the peripheral part of the lipid core of the AS plaque (Figure 2 ). Double-label immunofluorescence showed colocalization of IL-1␣ and GSTO1-1 in macrophages (Figure 2 ).
Using logistic regression models controlled for age, gender, and IL1A (Ϫ889, C/T), IL1B (ϩ3954, C/T), IL1B (Ϫ511, C/T) polymorphisms, GSTO1 Ala/Ala and Ala/Aspindividuals exhibited less IL-1␣/AS plaque than Asp/Asp carriers ( Figure 1E ; power: 0.84). Anti-␣ 2 -macroglobulin/AS plaque and neutrophil elastase/AS plaque did not differ among the GSTO1 genotypes, although neutrophil elastase/AS plaque was shown recently 6 to be associated with the expansion and type of AS ( Figure 1F-G) .
Discussion
Our results revealed that carriers of the GSTO1 Asp/Asp genotype exhibited AS lesions of (1) a more advanced histopathological type and (2) a higher degree of expansion of AS plaques in the circle of Willis than carriers of GSTO1 Cardiovascular diseases include myocardial infarction, myocardial failure, vessel rupture, and thromboembolic events; metabolic disorders include diabetes mellitus, hepatic and renal dysfunction; infectious disorders include sepsis, pneumonia, and tuberculosis.
MD indicates mixed dementia, ie, combined AD (Alzheimer disease), VD (vascular dementia), and/or argyrophilic grain disease; OD, other types of dementia, including argyrophilic grain disease and progressive supranuclear palsy; SVD, small vessel disease; CAA, cerebral amyloid angiopathy.
Ala/Ala and Ala/Asp genotypes. Despite the small number of cases studied, these associations showed a power of (1) 0.8 and (2) 0.71. The use of logistic regression models revealed that these effects were not caused by age or gender. A further argument for an important role of GSTO1-1 in AS was the detection of GSTO1-1 in AS plaques. An effect of GSTO1 Ala140Asp-polymorphism on either small vessel disease or cerebral amyloid angiopathy was not found within our sample. The small number of cases studied here did not allow confirmation of the reported clinicopathological correlation with vascular dementia. 2 A possible link between GSTO1-1 and the expression of IL-1 has already been discussed. 7 Our results support a functional link between GSTO1-1 and IL-1 expression. Arguments favoring this hypothesis are (1) the association of the GSTO1 Ala140Asp-polymorphism with AS and the IL-1␣ expression and (2) the colocalization of GSTO1-1 with IL-1␣ in macrophages of AS plaques. Thus, our findings extend the present knowledge insofar as an interaction of GSTO1-1 and IL-1 appears to be pathogenetically relevant for the inflammatory response in AS lesions.
In summary, our findings reveal an association between the GSTO1 Ala140Asp polymorphism and the expansion and severity of AS. Furthermore, they support the notion that GSTO1-1 plays an important role in AS lesions by modulating IL-1␣ expression in macrophages within AS plaques. 4 but not with the degree of small vessel disease (C) and the severity of cerebral amyloid angiopathy (D). E, The expression of IL-1␣/AS plaques was associated with the GSTO1 Ala140Asp-polymorphism. F-G, Changes in neutrophil elastase/AS plaque (F) and anti-␣ 2 -macroglobulin/AS-plaque (G) were not associated with the GSTO1 genotype. *Significant difference at PϽ0.05. Figure 2 . A, Immunostaining of cryosections of an AS plaque using a polyclonal antibody directed against GSTO1-1 demonstrates immunoreactive material in the peripheral part of the lipid core (arrows). B, Anti-GSTO1-1 did not immunolabel objects in paraffin sections of formalinfixed material from the same AS plaque studied in cryosections of fresh-frozen material in A, indicating that the antibody specifically detected native GSTO1-1 but did not crossreact with the formalinaltered protein or other proteins. (C) makes obvious our finding that GSTO1-1 was present mainly within cells that coexpressed IL-1␣ (arrows in C-E), ie, colocalization of GSTO1-1 and IL-1␣ in cells in the outer, peripheral zone of this AS plaque. The inset in E shows a higher magnification of the GSTO1-1 and IL-1␣ coexpression in a macrophage in a migrating or phagocytic state. Foam cells were not labeled with IL-1␣ and GSTO1-1.
